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Description 

The present invention relates to the surgical proce- 
dure known as laser-assisted transmyocardial revascu- 
larization (TMR), and more particularly, to improved ap- 
paratuses for precisely positioning a fiber-optic or other 
waveguide adjacent the area or areas to be lased, in- 
cluding at positions adjacent the posterior epicardial and 
endocardial surfaces of the heart and at trans-septal po- 
sitions within the chambers of the heart, thereby making 
possible the creation of channels in myocardial tissue 
at precisely the positions in the heart where ischemia or 
infarction or other have rendered such treatment desir- 
able or necessary. These apparatuses can be adapted 
for use in surgical applications throughout the human 
body or in animals for transmitting laser energy precise- 
ly, at predetermined positions and to predetermined 
depths. 

FIG. t is a schematic view of the human heart. The 
human heart 1 0 is a muscular dual pump that beats con- 
tinuously throughout life sending blood to the lungs and 
the rest of the body. The interior of the heart consists of 
four distinct chambers. The septum 12, a thick central 
muscular wall, divides the cavity into right and left 
halves. On the right side, the upper half is known as the 
right atrium 14. Deoxygenated blood from the rest of the 
body arrives in the right atrium via the vena cava 16, the 
blood is pumped across a one-way valve known as the 
tricuspid valve 18 into the lower portion known as the 
right ventricle 20. From there the blood circulates to the 
lungs through the pulmonary valve 22 via the pulmonary 
artery 24 where it is oxygenated by circulation through 
the alveoli of the lungs (not shown). The blood returns 
via the pulmonary veins to the left atrium 26 and flows 
through a second valve, the mitral valve 28 into the left 
ventricle 30 where it is pumped via the aorta 32 to the 
rest of the body. 

Much of the heart consists of a special type of mus- 
cle called myocardium. The myocardium requires a con- 
stant supply of oxygen and nutrients to albw it to con- 
tract and pump blood throughout the vasculature. The 
inner surfaces of the chambers of the heart are lined 
with a smooth membrane, the endocardium, and the en- 
tire heart is enclosed in a tough, membranous bag 
known as the pericardial sac. 

The pumping action of the heart has three main 
phases for each heart beat. Diastole is the resting phase 
during which the heart fills with blood: while deoxygen- 
ated blood is entering the right atrium oxygenated blood 
is returned from the lungs to the left atrium. During the 
atrial systole, the two atria contract simultaneously 
squeezing the blood into the lower ventricles. Finally, 
during ventricular systole the ventricles contract to 
pump the deoxygenated blood into the pulmonary arter- 
ies and the oxygenated blood into the main aorta. When 
the heart is empty, diastole begins again. The electrical 
impulses which stimulate the heart to contract in this 
manner emanate from the heart's own pacemaker, the 



sinoatrial node. The heart rate is under the external con- 
trol of the body's autonomic nervous system. 

FIG. 2 is a schematic view of the coronary arteries 
on the outer surface of the human heart. Though the 
heart supplies blood to all other parts of the body, the 
heart itself has relatively little communication with the 
oxygenated blood supply. Thus, the two coronary arter- 
ies, the left coronary artery 40 and the right coronary 
artery 42 which arise from the aorta and encircle the 
' heart muscle on either side like a crown" to supply the 
heart itself with blood. 

Heart disorders are a common cause of death in 
developed countries. They also impair the quality of life 
of millions of people restricting activity by causing pain, 
breathlessness, fatigue, fainting spells and anxiety. The 
major cause of heart disease in developed countries is 
impaired blood supply. The coronary arteries, which 
supply blood to the heart, become narrowed due to 
atherosclerosis and part of the heart muscle are deprive 
of oxygen an other nutrients. The resulting ischemia or 
blockage can lead to angina pectoris, a pain in the chest, 
arms or jaw due to a lack of oxygen to the heart, or inf- 
arction, death of an area of the myocardium caused by 
the ischemia. 

Techniques to supplement the flow of oxygenated 
blood directly from the left ventricle into the myocardial 
tissue have included needle acupuncture to create 
transmural channels (see below) and implantation of T- 
shaped tubes into the myocardium. Efforts to graft the 
omentum, parietal pericardium, or mediastinal fat to the 
surface of the heart had limited success. Others at- 
tempted to restore arterial flow by implanting the left in- 
ternal mammary artery into the myocardium. 

Modernly, coronary artery blockage can be relieved 
in a number of ways. Drug therapy, including nitrates, 
beta-blockers, and peripheral vasodilator drugs (to di- 
late the arteries) or thrombolytic drugs (to dissolve the 
clot) can be very effective. If drug treatment fails trans- 
luminal angioplasty is often indicated - the narrowed part 
of the artery, clogged with atherosclerotic plaque or oth- 
er deposits, can be stretched apart by passing a balloon 
to the site and gently inflating it a certain degree. In the 
event drug therapy is ineffective or angioplasty is too 
risky (often introduction of a balloon in an occluded ar- 
tery can cause portions of the atherosclerotic material 
to become dislodged which may cause a total blockage 
at a point downstream of the subject occlusion thereby 
requiring emergency procedures), the procedure known 
as coronary artery bypass grafting (CABG) may be in- 
dicated. CABG is the most common and successful ma- 
jor heart operation performed, in America alone over 
500,000 procedures being performed annually. The pro- 
cedure takes at least two surgeons and can last up to 
five hours. First, the surgeon makes an incision down 
the center of the patient's chest and the heart is exposed 
by opening the pericardium. A length of vein is removed 
from another part of the body, typically the leg. The pa- 
tient is connected to a heart-lung machine which takes 
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over the function of the heart and lungs during the op- 
eration. The section of vein is first sewn to the aorta and 
then sewn onto the coronary artery at a point such that 
oxygenated blood can flow directly into the heart. The 
patient is then closed. Not only does the procedure re- 
quire the installation of the heart-lung machine, a very 
risky procedure, but the sternum must be sawed through 
and the risk of infection is enhanced during the time the 
chest cavity is spread open. 

Another method of improving myocardial blood sup- 
ply is called transmyocardiaf revascularization (TMR), 
the creation of channels from the epicardial to the en- 
docardial portions of the heart The procedure using 
needles in a form of "myocardial acupuncture' has been 
experimented with at least as early as the 1930s and 
used clinically since the 1960s. Deckelbaum. LL, Car- 
diovascular Applications of Laser technology, Lasers in 
Surgery and Medicine 15:315-341 (1994). The tech- 
nique was said to relieve ischemia by allowing blood to 
pass from the ventricle through the channels either di- 
rectly into other vessels perforated by the channels or 
into myocardial sinusoids which connect to the myocar- 
dial microcirculation. The procedure has been likened 
to transforming the human heart into one resembling 
that of a reptile. 

In the reptile heart, perfusion occurs via communi- 
cating channels between the left ventricle and the cor- 
onary arteries. Frazier, O.H., Myocardial Revasculariza- 
tion with Laser - Preliminary Findings, Circulation, 1 995; 
92 [suppl ll]:ll-58-ll-65. There is evidence of these com- 
municating channels in the developing human embryo. 
In the human heart, myocardial microanatomy involves 
the presence of myocardial sinusoids. These sinusoidal 
communications vary in size and structure, but repre- 
sent a network of direct arterial-luminal, arterial-arterial, 
arterial-venous, and venous-luminal connections. This 
vascular mesh forms an important source of myocardial 
blood supply in reptiles but its role in humans is poorly 
understood. 

Numerous studies have been performed on TMR 
using lasers to bore holes in the myocardium. The exact 
mechanism by which blood flows into the myocardium 
is not well understood however. In one study, 20-30 
channels per square centimeter were bored into the left 
ventricular myocardium of dogs prior to occlusion of the 
arteries. LAD ligation was conducted on both the revas- 
cularized animals as well as a set of control animals. 
Results showed that animals having undergone TMR 
prior to LAD ligation acutely showed no evidence of 
ischemia or infarction in contrast to the control animals. 
AfteTsacrifice of the animals at ages between 4 weeks 
and 5 months, the laser-created channels could be dem- 
onstrated grossly and microscopically to be open and 
free of debris and scarring. 

It is believed that the TMR channels occlude toward 
the epicardial surface but that their subendocardial sec- 
tion remains patent (unobstructed) and establishes 
camerosinusoidal connections. It is possible that the 



creation of laser channels in the myocardium may pro- 
mote long-term changes that could augment myocardial 
blood flow such as by inducing angiogenesis in the re- 
gion of the lased (and thus damaged) myocardium. Sup- 

5 port of this possibility is reported in histological evidence 
of probable new vessel formation adjacent to collagen 
occluded transmyocardial channels. In the case of my- 
ocardial acupuncture or boring, which mechanically dis- 
places or removes tissue, acute thrombosis followed by 

10 organization and fibrosis of clots is the principal mech- 
anism of channel closure. By contrast, histological evi- 
dence of patent, endothelium-lined tracts within the la- 
ser-created channels supports the assumption that the 
lumen of the laser channels is or can become hemo- 

is compatible and that it resists occlusion caused by 
thrombo-activation and/or fibrosis. A thin zone of char- 
ring occurs on the periphery of the laser-created trans- 
myocardial channels through the well-known thermal ef- 
fects of optical radiation on cardiovascular tissue. This 

20 type of interface may inhibit the immediate activation of 
the intrinsic clotting mechanisms because of the inher- 
ent hemocompatibility of carbon. In addition, the precise 
cutting action that results from the high absorption and 
low scattering of laser energy (C0 2 , HO, etc.) may min- 

2S jmize structural damage to collateral tissue, thus limiting 
the tissue thromboplastin-mediated activation of the ex- 
trinsic coagulation. 

U.S. Patent No. 4,658,817 issued Apr. 21 , 1 987 to 
Hardy teaches a method and apparatus for TMR using 

30 a laser. A surgical C0 2 laser includes a handpiece for 
directing a laser beam to a desired location. Mounted 
on the forward end of the handpiece is a hollow needle 
to be used in surgical applications where the needle per- 
forated a portion of tissue to provide the laser beam di- 

35 rect access to distal tissue. 

U.S. Patent No. 5,125,926 issued Jun. 30, 1992 to 
Rudko et al. teaches a heart-synchronized pulsed laser 
system for TMR. The device and method comprises a 
device for sensing the contraction and expansion of a 

40 beating heart. As the heart beat is monitored, the device 
triggers a pulse of laser energy to be delivered to the 
heart during a predetermined portion of the heartbeat 
cycle. This heart-synchronized pulsed laser system is 
important where the type of laser, the energy and pulse 

45 rate are potentially damaging to the beating heart or it's 
action. Often, application of laser energy to a beating 
heart can induce fibrillation or arrhythmia. Additionally, 
as the heart beats, it's spatial relationship between the 
heart and the tip of the laser delivery probe may change 

50 so that the necessary power of the beam and the re- 
quired position of the handpiece may be unpredictable. 

Finally, U.S. Patent Nos. 5,380,316 issued Jan. 10, 
1995 and 5, 389,096 issued Feb. 14, 1995 both to Aita 
et al. teach systems and methods for intra-operative and 

55 percutaneous myocardial revascularization, respective- 
ly. The former patent is related to TMR performed by 
inserting a portion of an elongated flexible lasing appa- 
ratus into the chest cavity of a patient and lasing chan- 
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nels directly through the outer surface of the epicardium 
into the myocardium tissue. In the latter, TMR is per- 
formed by guiding an elongated flexible lasing appara- 
tus into a patient's vasculature such that the firing end 
of the apparatus is adjacent the endocardium and lasing 
channels directly through the endocardium into the my- 
ocardium tissue without perforating the epicardial layer 
or even the pericardium. These patents do not teach any 
method for controlling the elongated flexible laser deliv- 
ery apparatus, nor do they teach methods of visualizing 
the areas of the heart being lased nor do they teach any 
method or devices for achieving TMR on surfaces or 
portions of the heart which are not directly accessible 
via a sternotomy, mini-stemotomy or via a trocar 

TMR is most often used to treat the lower left cham- 
ber of the heart. The lower chambers or ventricles are 
serviced by the more distal branches of the coronary ar- 
teries. Distal coronary arteries are more prone to block- 
age and resulting heart muscle damage. Roughly 50% 
of the left ventricle is direct line accessible through a 
thoracotomy or small incision between the ribs. Howev- 
er, roughly 50% is not direct line accessible and requires 
either rotating the heart or sliding around to the back 
side of the heart. Access to the heart is achieved cy (1 ) 
sliding a device between the heart and pericardial sack 
which encases the heart, the device likely to have a 
45-90 degree bend near the tip, (2) lifting the still beating 
heart, and (3) penetrating through the direct access side 
of the heart and/or through the septum of the heart. Lift- 
ing the still beating heart is less than desirable especially 
in patients with lowered heart performance. Further- 
more, such manipulation can cause tachycardia (rapid 
beating of the heart absent undue exertion) fibrillation, 
arrhythmia or other interruptions in the normal beating 
cycle. 

Thus, broadly, it is an object of the present invention 
to provide an improved method and device for surgery 
such as laser-assisted TMR. 

It is a further object of the present invention to pro- 
vide an improved method and device for laser-assisted 
TMR in which the procedure may be carried out from 
within the interior of the heart and in which visualization 
or positioning of the laser delivery means is done by im- 
proved means. 

It is a further object of the present invention to pro- 
vide an improved method and device for laser-assisted 
TMR in which the procedure may be carried out on rear 
surfaces and other visually hidden external surfaces of 
the heart and in which visualization or positioning of the 
laser delivery means is done by improved means. 

In some embodiments of the present invention 
there is provided a device for laser-assisted TMR in 
which the need for visualization during the procedure 
may be minimised by employing a depth stop, such as 
a mesh basket or "rnoly bolt' device adjacent the end of 
an elongated flexible laser delivery means, to position 
the distal end of the laser delivery means 

In further embodiments of the present invention 



there is provided a device for laser-assisted TMR in 
which the distal end of the elongated flexible laser de- 
livery means comprises a known visualization system 
with an adjunct visualization device to enhance the qual- 
5 ity of the visualized image. 

In other embodiments of the present invention there 
is provided a device for laser-assisted TMR in which the 
need for visualization during the procedure may be min- 
imised by depbying a mechanical or other tether cou- 
10 pied to the heart at a point adjacent to the area to be 
revascularized, thereby conveying the distal end of the 
laser delivery means to that area and maintaining it in a 
predetermined position during the creation of channels 
within the tissue of the myocardium. 
*5 According to one aspect of the invention there is 
provided a surgical device for performing laser-assisted 
transmyocardial revascularization (TMR), the device 
particularly adapted for delivery of laser energy via a la- 
ser delivery means or manipulation of some other ap- 
20 paratus inside a body cavity or organ chamber where 
the depth of delivery of the laser energy is important to 
the procedure, the device comprising an outer lumen, 
the outer lumen having a proximal end and a distal end, 
the outer lumen defining the central axis of the surgical 
25 device, a depth stop, the depth stop disposed at a point 
on the outer lumen adjacent the distal end of the outer 
lumen, the depth stop having a deploying means, such 
that when the surgical device is placed adjacent tissue 
to be lased and the depth stop is deployed, the spatial 
x> reference of the position of the surgical device and the 
laser delivery means or other apparatus used in the sur- 
gical device is maintained in a predetermined position 
relative to the position of the distal end of the outer lu- 
men. In a preferred embodiment, the surgical device is 
35 adapted for use as a catheter device, the catheter de- 
vice uselul for use in vascular channels and organ 
chambers. In a preferred embodiment, the distal end of 
the outer lumen extends slightly past the depth stop 
thereby providing a distally extending end portion. In a 
40 preferred embodiment, the distally extending end por- 
tion is tapered and able to penetrate tissue. In a pre- 
ferred embodiment the distally extending end portion is 
mechanically sharpened. In a preferred embodiment the 
outer lumen is rigid. In a preferred embodiment the outer 
« lumen is flexible. In a preferred embodiment the depth 
stop comprises a balloon tip such that deployment of the 
depth stop consists of inflating the balloon tip. In a pre- 
ferred embodiment there is also an inner lumen, the in- 
ner lumen disposed inside the outer lumen, the inner 
so lumen having a proximal end and a distal end, the distal 
end connected to the distal end of the outer lumen. In a 
preferred embodiment the depth stop comprises a 
braided basket such that deployment of the depth stop 
consists of a slight retraction of the inner lumen within 
ss the outer lumen such that the depth stop is compressed 
axially and expanded radially. In a preferred embodi- 
ment the depth stop comprises a moly bolt tip such that 
deployment consists of causing the moly bolt to develop 
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radial protrusions. In a preferred embodiment there is a 
depth stop deploying mechanism. In a preferred embod- 
iment there is a depth stop deploying mechanism, the 
proximal ends of the outer and the inner lumens con- 
nected to the mechanism, the mechanism having a con- 
trol means, the control means able to cause the depth 
stop mechanism to be deployed. In a preferred embod- 
iment the depth stop further comprises a contacting sur- 
face essentially perpendicular to the central axis of the 
catheter device. In a preferred embodiment there is a 
laser delivery means, the laser delivery means disposed 
inside the outer lumen. In a preferred embodiment there 
is a distally extending tip portion extending axially past 
the depth stop, the distally extending tip portion having 
a plurality of openings such that a plurality of laser de- 
livery means introduced into the outer lumen can be ex- 
tended through the surgical device through the distal 
end of the outer lumen for the delivery of laser energy 
therefrom, In a preferred embodiment there is a plunger, 
the plunger extending parallel with the central axis of the 
surgical device and through the outer lumen, the plunger 
having a proximal end and a distal end. In a preferred 
embodiment there is a mechanical linkage element, the 
mechanical linkage attached to the distal end of the out- 
er lumen at a point of attachment, the mechanical link- 
age element having a cam surface, the mechanical link- 
age element further having a distally extending redirect- 
ing surface, such that when the plunger is moved axially 
through the outer lumen such that its distal end is 
brought to bear against the cam surface, the mechanical 
linkage element is rotated about the point of attachment 
between the mechanical linkage element and the distal 
end of the outer lumen, thereby redirecting a laser de- 
livery means extending through the outer lumen of the 
surgical device to an angle with respect to the central 
axis of the surgical device for precise control of the de- 
livery of laser energy. 

Embodiments of the surgical device described 
above may be used in a method of using a surgical or 
catheter device with depth stop for performing laser-as- 
sisted transmyocardial revascularization (TMR), the de- 
vice particularly adapted for delivery of laser energy via 
a laser delivery means or manipulation of some other 
apparatus inside a body cavity or organ chamber, the 
method comprising the following steps: (a) positioning 
the distal end of a surgical or catheter device with depth 
stop adjacent the subject tissue; (b) deploying the depth 
stop so as to maintain a precise spatial relationship be- 
tween the surgical or catheter device and the subject 
tissue; (c) positioning a laser energy delivery device via 
the surgical or catheter device adjacent the subject tis- 
sue to be lased; and (d) delivering a predetermined 
amount of laser energy to the subject tissue. In a pre- 
ferred embodiment, during step (d), the laser energy is 
delivered to a portion of the human heart to be revascu- 
larized by TMR thereby creating channels in the subject 
tissue extending a predetermined distance into the sub- 
ject tissue, thus providing the surgeon with a high de- 



gree of control, in particular allowing the surgeon to 
revascularize tissue from within a body cavity or from 
within an organ chamber and create channels in the 
subject tissue without perforating or penetrating the sub- 

5 ject tissue or organ completely. In a preferred embodi- 
ment, prior to delivery of laser energy, the distally ex- 
tending tip portion of the distal end of the surgical or 
catheter device is pushed into the tissue adjacent the 
area to be revascularized. In a preferred embodiment, 

10 the following step is taken: (e) delivering a predeter- 
mined amount and type of material to the subject tissue, 
the material being one of those selected from the group 
consisting of antibiotics to prevent infection of the TMR 
channels, blood thinning agents, other heart-function 

15 modifiers or visualization or marking means. 

A method of performing TMR in which a surgical or 
catheter device is placed into position and maintained 
there precisely, the surgical or catheter device having a 
depth stop such that once the surgical or catheter is 

20 placed and the depth stop is deployed the catheter de- 
vice will maintain its spatial relationship with the tissue 
to be lased, the method comprising the following steps: 
(a) placing a surgical or catheter device with an expand- 
able depth stop mechanism into a body cavity or organ 

25 chamber; (b) deploying the depth stop mechanism to ex- 
pand the depth stop mechanism such-that one or more 
essentially perpendicular surfaces of the depth stop are 
brought to bear against an internal surface of the body 
cavity or against an internal or external surface of an 

30 organ chamber; (c) maintaining the spatial relationship 
between the surgical or catheter device and the tissue 
to be lased; (d) delivering laser energy to the subject 
tissue such that TMR channels are created in the tissue 
to be lased; (e) disengaging the depth stop mechanism; 

35 and (f) retracting the surgical or catheter device. In a 
preferred embodiment the surgical or catheter device is 
placed through an external surface of the human heart 
so that the distal end of the surgical or catheter device 
is disposed inside heart during step (a), the deployed 

40 depth stop mechanism of the surgical or catheter device 
is repositioned such that a perpendicular contacting sur- 
face of the depth stop is brought to bear against the in- 
side surface of the heart chamber during step (c), and 
the TMR channels created by the laser energy extend 

45 from the inside surface of the heart chamber toward the 
outer surface of the heart through a portion of the myo- 
cardium during step (d). In a preferred embodiment the 
surgical or catheter device is placed through an external 
surface of the human heart so that the distal end of the 

50 surgical or catheter device is disposed inside the heart 
adjacent the distally located endocardium surface dur- 
ing step (a), the deployed depth stop mechanism of the 
surgical or catheter device is repositioned such that a 
perpendicular contacting surface of the depth stop is 

55 brought to bear against the distally located endocardium 
surface of the heart chamber during step (c), and the 
TMR channels created by the laser energy extend from 
the distally located endocardium surface of the heart 
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chamber toward the outer surface of the heart through 
a portion of the myocardium during step (d). In a pre- 
ferred embodiment the surgical or catheter device is 
placed vascularly into the human heart so that the distal 
end of the surgical or catheter device is disposed inside 
a heart chamber adjacent the distally located endocar- 
dium surface during step (a), the deployed depth stop 
mechanism of the catheter device is repositioned such 
that a perpendicular contacting surface of the depth stop 
is brought to bear against the distally located endocar- 
dium surface of the left ventricle chamber during step 
(c), and the TMR channels created by the laser energy 
extend from the distally located endocardium surface of 
the heart chamber toward the outer surface of the heart 
through a portion of the myocardium during step (d). 

Numerous other advantages and features of the 
present invention will become readily apparent from the 
following detailed description of the invention and the 
embodiments thereof, from the claims and from the ac- 
companying drawings in which the details of the inven- 
tion are fully and completely disclosed as a part of this 
specification. 

Embodiments of the invention are described be tow 
by way of example only and with reference to the draw- 
ings of which: 

FIG. 1 is a schematic view of the human heart. 
FIG. 2 is a schematic view of the coronary arteries 
on the outer surface of the human heart. 

FIG. 3 is a cross section view of the human heart 
demonstrating a preferred method of TMR from the ep- 
icardium of the present invention. 

FIG. 4 is a cross section view of the human heart 
demonstrating a preferred method of TMR from the en- 
docardium of the present invention. 

FIG. 5A is a schematic view of a preferred embod- 
iment of a braided basket-type depth stop of the present 
invention for trans-septal TMR and other procedures 
performed without the aid of direct visualization. 

FIG. 5B is a schematic view of preferred embodi- 
ment of a slightly expanded braided basket-type depth 
stop of the present invention. 

FIG. 5C is a schematic view of a preferred embod- 
iment of a more fully expanded braided basket-type 
depth stop and extending laser delivery means of the 
present invention. 

FIG. 5D is a detail cross of a preferred embodiment 
of the surgical or catheter device of the present inven- 
tion. 

FIG. 6A is a schematic view of a preferred embod- 
iment of a ballooning tip-type depth stop of the present 
invention. 

FIG. 6B is a schematic view of a preferred embod- 
iment of a "moly bolf-type depth stop of the present in- 
vention. 

FIG. 7 is a schematic view of a preferred embodi- 
ment of a laser delivery means advancing and depth 
stop deploying mechanism of the present invention. 

FIG. 8 is a schematic view demonstrating a pre- 



ferred method of performing a TMR or other procedures 
using a preferred embodiment of a surgical or catheter 
device with depth stop device of the present invention. 
FIG. 9 is a schematic view of a preferred embodi- 
s ment of a multi-laser delivery means surgical or catheter 
device of the present invention. 

FIG. 1 0A is a schematic view of a preferred embod- 
iment of a surgical or catheter device of the present in- 
vention with a laser delivery means firing tip orientation 
10 mechanical linkage. 

FIG. 10B is a schematic view of a preferred embod- 
iment of a surgical or catheter device of the present in- 
vention with a laser delivery means firing tip orientation 
mechanical linkage in a deployed position. 

FIG. 3 is a cross section view of the human heart 
demonstrating a preferred method of TMR from the ep- 
icardium of the present invention. As is well known in 
surgical methodology, the heart can be accessed exter- 
nally via a mini-sternotomy perhaps with the use of a 
20 trocar or some other insertion tube device. The field of 
micro-surgery is advancing rapidly and small sophisti- 
cated tools can be introduced into the chest cavity. 
These devices include visualization probes, such as a 
2-millimeter fiber bundle, laser delivery means, and oth- 
25 er accessories including dye swabs, guide-wire tethers, 
additional illumination means, etc. In FIG. 3, a surgical 
device is described. It will be understood that in the 
present disclosure of the preferred embodiments of the 
present invention, a "surgical device* is distinguished 
30 from a "catheter device". The former term will be used 
to describe instruments which access the heart via an 
external opening made in the chest or elsewhere where- 
as the latter will be used to refer to instruments used in 
vascular channels or organ chambers. 
3s once the lumen 50 of the surgical device has 
passed through the pericardial sac, not shown, via an 
incision or other perforation, it is positioned adjacent the 
epicardial surface 52 of the heart. The laser delivery 
means 54, optionally fiber optic or other waveguide 
40 structure, extends therethrough with the distal end 56 of 
the laser delivery means located near the distal end 58 
of the outer lumen. As the laser energy is delivered to 
the adjacent epicardial surface 59, micro-channels 62 
are produced in the epicardial surface, extending into 
45 the myocardium tissue 64 but not penetrating the interior 
endocardium surface 66 of the chamber 68, in front of 
the laser beam. 

In a preferred embodiment, a depth stop device 70 
is located near the distal end of the surgical device and 
so is deployed as soon as the advancing distal end of the 
outer lumen of the surgical device is adjacent the area 
to be lased. Once the depth stop device is deployed, as 
will be more fully described below, a short, predeter- 
mined length 72 of the distal end of the outer lumen ex- 
55 tends slightly forward of the depth stop device. This 
short extending length of outer lumen can be pushed 
into the epicardial surface by lasing or by sharpened or 
other mechanical, piercing means. In this fashion, the 
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depth stop will allow the tip of the surgical device to be 
extended a precise distance into the epicardium, and 
revascularization channeling can be initiated from this 
surface a predetermined distance into the myocardium 
tissue without fear ol penetrating the interior endocar- 
dium surface. 

FIG. 4 is a cross section view of the human heart 
demonstrating a preferred method of TMR from the en- 
docardium of the present invention. In this procedure, 
the left ventricle 80 is internally accessed via the aorta 
by the catheter device 82, perhaps introduced via the 
femoral artery or otherwise. The laserdelivery 84 device 
within the typically flexible catheter is positioned adja- 
cent the endocardium surface 86. Micro-channels 88 
are lased into the myocardium tissue 90 but do not per- 
forate the epicardial surface 92. It will be understood 
that, as in the prior embodiments, a depth stop device 
can be positioned at the distal end of the outer lumen of 
the catheter device. By providing a short extending tip 
portion of the outer lumen slightly in advance of the 
depth stop, a precisely controllable system for piercing 
the endocardium surface at predetermined positions 
and optimum distances is available. The TMR channels 
created will extend only as far as desired, starting from 
the interior endocardium surface into the myocardium 
without extending to the epicardial surface and thereby 
risking perforation of a coronary artery. 

It will be understood by those skilled in the art of 
cardiac catheterization and other surgical procedures 
that once the distal tip of the laser delivery means pierc- 
es or otherwise penetrates the myocardium and the 
depth stop device is deployed, advancing the laser de- 
livery means too far and piercing through an inner cham- 
ber, the epicardial surface or a coronary artery will no 
longer be a problem. The distance between the depth 
stop device and the very farthest tip of the laser delivery 
means will be set at safely to ensure that the heart is 
never pierced too deeply. Further, it has been observed 
that the thickness changes of the tissue being penetrat- 
ed between the diastole and the systole phases, to the 
extent there are significant changes in the thickness of 
the myocardium itself, the internal endocardium or the 
epicardial surface, are not significant enough to cause 
undesirable effects during delivery of laser energy. 

FIG. 5A is a schematic view of a preferred embod- 
iment of a braided basket-type depth stop of the present 
invention for trans-septa! TMR and other procedures 
performed without the aid of direct visualization. At the 
distal end 1 00 of the device 1 02 a braided basket portion 
104 is provided. It will be understood by those skilled in 
the art that this braided basket could be made of stain- 
less steel, nylon or some other polymeric material, rub- 
ber, etc. It could also be replaced with an equivalents 
functioning structure, including a transversely ribbed, 
accordion-like collapsible insert, etc. An inner lumen 
106 is located freely inside the catheter device. 

FIG. 5B is a schematic view of a preferred embod- 
iment of a slightly expanded braided basket-type depth 



stop of the present invention. An inner lumen 110 is at- 
tached to the distal end of the outer lumen of the device 
but it is free to slide throughout the rest of the length of 
the outer lumen 1 1 2. As the inner lumen is withdrawn in 

5 the direction A, the braided basket portion 114 begins 
to expand in diameter near points 116. As the inner lu- 
men is moved in the direction B the braided basket por- 
tion will contract. 

FIG. 5C is a schematic view of a preferred embod- 

io iment of a more fully expanded braided basket-type 
depth stop and extending laser delivery means of the 
present invention. In this view, the braided basket por- 
tion 120 is nearly fully expanded in diameter. The prox- 
imal perpendicular surface 1 22 and the distal perpen- 

15 dicular surface 124 are the surfaces which provide an 
accurate depth stop for surfaces not visually apparent. 
The distal end 126 of the device is fixed in spatial orien- 
tation with the laser delivery means 128 which can be 
extended and withdrawn independently within the inside 

20 of the inner lumen. 

FIG. 5D is a detail cross of a preferred embodiment 
of the surgical or catheter device of the present inven- 
tion. Adjacent the distal end of the outer lumen 200, a 
short distal portion 202 of the outer lumen extends be- 

25 yond the distal perpendicular contacting surface 204 of 
the depth stop device 206, shown deployed and in po- 
sition. The laser delivery means 208 extends therefrom 
and creates TMR channel 210. In a preferred embodi- 
ment, drug delivery can be effectively achieved. Intro- 

30 duced through the outer lumen, optionally between the 
outer lumen and the laser delivery means, a drug or oth- 
er substance can be introduced into the TMR channel 
through a drug delivery port 212. In this manner, various 
drugs including antibiotics to prevent infection of the 

35 TMR channels, blood thinning agents, other heart-func- 
tion modifiers or visualization or marking means may be 
introduced to the channel sites. 

FIG. 6A is a schematic view of a preferred embod- 
iment of a ballooning tip-type depth stop of the present 

40 invention. This is another type of depth stop which can 
be employed in the method of the present invention. The 
surgical or catheter device is equipped with one or more 
ballooning portions 130 near the distal end 132 of the 
catheter device. It will be understood that once the laser 

45 delivery means is positioned inside the surgical or cath- 
eter device, it will extend from the distal end of the device 
as desired by the surgeon. Once the surgical or catheter 
device is assembled and inserted in the chest cavity, the 
balloon portions can be inflated with a suitable gas or 

50 liquid. It will be understood that the ballooning tip-type 
depth stop may be more appropriate but less robust in 
certain circumstances. Proximal and distal perpendicu- 
lar surfaces 134 will precisely locate the distal end of 
the device. 

55 FIG. 6B is a schematic view of a preferred embod- 
iment of a 'rnoly bolf-type depth stop of the present in- 
vention. In the view, though not shown, an inner lumen 
portion is disposed within an outer lumen 140. The inner 



7 



13 



EP 0 797 957 A1 



14 



lumen, attached to the distal end 1 42 of the outer lumen 
once retracted, will cause the remaining material from 
indentation or removed sections 144 to buckle outward 
and cause protrusions 146 to form in a radial fashion 
about the diameter of the outer lumen. It will be under- 
stood that the laser delivery means would be located 
precisely with regard to the distal end of the depth stop. 
Proximal and distal perpendicular surfaces 1 48 will pre- 
cisely locate the distal end of the surgical or catheter 
device. 

FIG. 7 is a schematic view of a preferred embodi- 
ment of a laser delivery means advancing mechanism 
1 50 adjacent the outer lumen 1 52 of the surgical or cath- 
eter device of the present invention. The laser delivery 
means 154, such as a fiber optic cable or other 
waveguide, enters the surgical or catheter device at the 
proximal end 156 of the mechanism. An advance oper- 
ator 158 is useful for advancing the laser delivery means 
into a predetermined position relative to the inner lumen 
or the outer lumen, of the surgical or catheter device' 
depending upon the precise arrangement of the sys- 
tem.. A depth stop actuator lever 160 is easily manipu- 
lated by the surgeon. As the lever is moved in the direc- 
tion C, the inner lumen 162 is moved in the same direc- 
tion thus deploying the depth stop, e.g. a braided basket 
or moly protrusions. It will be understood that the outer 
lumen will extend from it's proximal end 164 over the 
inner lumen along the direction D. 

FIG. 8 is a schematic view demonstrating a pre- 
ferred method of performing a TMR or other procedure 
using a preferred embodiment of a surgical or catheter 
device with a depth stop device of the present invention 
In FIG. 8, the surgical device 170 is passed through a 
thoracotomy, sternotomy or trocar device 172 posi- 
tioned between the ribs 174 of the patient. The device 
is passed through an incision 176 in the pericardial sac 
178 and up against an upward facing epicardial surface 
1 80, most commonly of either the right or the left ventri- 
cle. The device is pushed through the epicardial surface 
by using laser energy or by mechanically piercing 
means to gain entrance to the ventricle or other organ 
chamber. Once the distal end 182 of the outer lumen of 
the surgical device is inside the organ chamber, the 
depth stop device 184 is deployed by deploying means 
186. In this case, the deploying means is a hand-oper- 
ated trigger which, when squeezed, retracts the inner 
lumen and axially compresses, while radially expand- 
ing, the depth device - either moly bolt wings, braided 
basket, balloon tip or other. The fiber or other laser de- 
livery means 188 is advanced until the preset stop 190 
is engaged. Thus, having set the predetermined ex- 
posed laser delivery means distance 192, the operator 
can create multiple holes through the endocardium 1 94 
into the myocardium 1 96, but not into the protective ep- 
icardial layer 1 98. It will be understood that once the pro- 
cedure is complete and the surgical device has been 
withdrawn from the internal chamber of the heart, the 
epicardial surface can be stitched shut easily with a 



purse-string-type suture or other means. 

FIG. 9 is a schematic view of a preferred embodi- 
ment of a multi-laser delivery means surgical or catheter 
device of the present invention. The outer lumen 230 
5 has a depth stop device 232 of the present invention 
disposed at it's distal end 234. Distal to the depth stop 
device, the extending pointed end 236 serves the func- 
tion of piercing tissue to enter organ chambers or to pre- 
cisely position the device on the outside surface of tis- 
io sue or other matter. In the present embodiment, a plu- 
rality of laser delivery means 238 are shown extending 
a predetermined length E. With this device, laser energy 
can be simultaneously transmitted from the distal firing 
tips 240 of the plurality of laser delivery means. It will be 
™ understood that any number of laser delivery means 
such as optical fibers or other waveguides, can be used.' 

FIG. 1 0A is a schematic view of a preferred embod- 
iment of a surgical or catheter device of the present fn- 
vention with a laser delivery means firing tip orientation 
mechanical linkage. This device also has a depth stop 
250 and extending end portion 252 of an outer lumen 
254. Inside the lumen there extends a control plunger 
256 which terminates adjacent the distal end 258 of the 
outer lumen at a cam surface 260 on a mechanical link- 
25 age member 262. The distal end 264 of the laser deliv- 
ery means 266, in one position, extends from the distal 
end of the lumen a short distance. Thus, in the figure 
shown, the laser energy will be directed in essentially 
the direction shown as F, with slight if any divergence. 
0 FIG. 1 0B is a schematic view of a preferred embod- 
iment of a surgical or catheter device of the present in- 
vention with a laser delivery means firing tip orientation 
mechanical linkage in a deployed position. As the con- 

tr olplunger270ismovedinthedirectionG l themechan- 
35 ical linkage member, rotating about pivot point 272 in 
direction H. Therefore, the distal end 274 of the laser 
delivery means 276 will be directed slightly downward 
and delivering laser energy in essentially the direction 
shown by I. This ability to redirect the firing tip of the 
laser delivery means is key to the success of this em- 
bodiment of the present invention. Operation or manip- 
ulation of less-invasive surgical equipment through the 
narrow confines of a trocar or other similar device limits 
the operator's ability to angle the laser delivery means 
45 through an arc. This is not a concern or otherwise a 
problem with conventional open-chest or standard tho- 
racotomies. It will be understood that there will be upper 
limits for the degree of bend which can be introduced 
into the distal end of the laser delivery means. Not only 
*> are optical fibers often brittle and not greatly flexible 
through a small radius, but advancement of the fiber or 
other waveguide through the surgical or catheter device 
is restricted when the mechanical linkage element is de- 
ployed. 

55 The present invention is intended for use with any 
medical laser. In particular, the Holmium laser, including 
many of various different types known and available 
now or at any time, will be particularly suited to the 
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present inventbn. However, any suitable laser source, 
pulsed or otherwise, could provide laser energy to the 
laser delivery means of the present invention for per- 
forming the method of the present invention. Likewise, 
the catheter and surgical equipment, including laser de- 
livery means, referred to in the present document as well 
as that known and used in medicine and other disci- 
plines today and in the future, will be included in the 
scope of this application. 

While the principles of the invention have been 
made clear in illustrative embodiments, there will be im- 
mediately obvious to those skilled in the art many mod- 
ifications of structure, arrangement, proportions, the el- 
ements, materials, and components used in the practice 
of the invention, and otherwise, which are particularly 
adapted to specific environments and operative require- 
ments without departing from those principles. The ap- 
pended claims are intended to cover and embrace any 
and all such modifications, with the limits only of the true 
spirit and scope of the inventbn. 



Claims 

1. A surgical device for performing laser-assisted 
transmyocardial revascularization (TMR), the de- 
vice particularly adapted for delivery of laser energy 
via a laser delivery means or manipulation of some 
other apparatus inside a body cavity or organ cham- 
ber where the depth of delivery of the laser energy 
is important to the procedure, the device compris- 
ing: 

an outer lumen, the outer lumen having a prox- 
imal end and a distal end, the outer lumen de- 
fining the central axis of the surgical device; 
a depth stop, the depth stop disposed at a point 
on the outer lumen adjacent the distal end of 
the outer lumen, the depth stop having a de- 
ploying means such that when the surgical de- 
vice is placed adjacent tissue to be lased and 
the depth stop is deployed, the spatial refer- 
ence of the position of the surgical device and 
the laser delivery means or other apparatus 
used in the surgical device is maintained in a 
predetermined position relative to the position 
of the distal end of the outer lumen. 

2. The surgical device of claim 1 adapted for use as a 
catheter device, the catheter device useful for use 
in vascular channels and organ chambers. 

3. The surgical device of claim 1 or claim 2 wherein 
the distal end of the outer lumen extends slightly 
past the depth stop thereby providing a distally ex- 
tending end portion. 

4. The surgical device of claim 3 wherein the distally 



extending end portion is tapered and able to pene- 
trate tissue. 

5. The surgical device of claim 3 or claim 4 wherein 
s the distally extending end portion is mechanically 

sharpened. 

6. The surgical device of any one of the preceding 
claims wherein the outer lumen is rigid. 

10 

7. The surgical device of any one of claims 1 to 5 
wherein the outer lumen is flexible. 

8. The surgical device of any one of the preceding 
is claims wherein the depth stop comprises a balloon 

tip such that deployment of the depth stop consists 
of inflating the balloon tip. 

9. The surgical device of any one of the preceding 
20 claims further comprising an inner lumen, the inner 

lumen disposed inside the outer lumen, the inner 
lumen having a proximal end and a distal end, the 
distal end connected to the distal end of the outer 
lumen. 

25 

10. The surgical device of claim 9 wherein the depth 
stop comprises a braided basket such that deploy- 
ment of the depth stop consists of a slight retraction 
of the inner lumen within the outer lumen such that 

30 the depth stop is compressed axially and expanded 
radially, 

11. The surgical device of claim 9 wherein the depth 
stop comprises a moly bolt tip such that deployment 

35 consists of causing the moly bolt to develop radial 
protrusions. 

12. The surgical device of any one of the preceding 
claims further comprising a depth stop deploying 

40 mechanism. 

13. The surgical device of claim 9 further comprising a 
depth stop deploying mechanism, the proximal 
ends of the outer and the inner lumens connected 

4S to the mechanism, the mechanism having a control 
means, the control means able to cause the depth 
stop mechanism to be deployed. 

14. The surgical device of any one of the preceding 
so claims wherein the depth stop further comprises a 

contacting surface essentially perpendicular to the 
central axis of the catheter device. 

15. The surgical device of any one of the preceding 
ss claims further comprising a laser delivery means, 

the laser delivery means disposed inside the outer 
lumen. 
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16. The surgical device of any one of the preceding 
claims further comprising a distally extending tip 
portion extending axially past the depth stop, the 
distally extending tip portion having a plurality of 
openings such that a plurality of laser delivery 5 
means introduced into the outer lumen can be ex- 
tended through the surgical device through the dis- 
tal end of the outer lumen for the delivery of laser 
energy therefrom. 

10 

17. The surgical device of any one of the preceding 
claims further comprising: 

a plunger, the plunger extending parallel with 
the central axis of the surgical device and is 
through the outer lumen, the plunger having a 
proximal end and a distal end; and 
mechanical linkage element, the mechanical 
linkage attached to the distal end of the outer 
lumen at a point of attachment, the mechanical 20 
linkage element having a cam surface, the me- 
chanical linkage element further having a dis- 
tally extending redirecting surface, such that 
when the plunger is moved axially through the 
outer lumen such that its distal end is brought 2s 
to bear against the cam surface, the mechani- 
cal linkage element is rotated about the point 
of attachment between the mechanical linkage 
element and the distal end of the outer lumen, 
thereby redirecting a laser delivery means ex- 30 
tending through the outer lumen of the surgical 
device to an angle with respect to the central 
axis of the surgical device for precise control of 
the delivery of laser energy. 

35 

1 8. A device for revascularizing cardiac tissue compris- 
ing: 



has two or more exit apertu res and two or more fiber 
optic devices are inserted through the at least one 
inner lumen for deployment through the at least two 
or more exit apertures. 



a catheter having a proximal and a distal end 
and defining at least one inner lumen, the distal 40 
end having at least one exit aperture; 
a stabilizer device at the distal end for stabiliz- 
ing the distal end on the cardiac tissue; 
a deployment mechanism at the proximal end 
of the catheter and operatively connected to the 4S 
stabilizer device for expanding the stabilizer 
device to contact the cardiac tissue; and 
at least one fiber optic device insertable 
through the at least one inner lumen for deliv- 
ering laser energy from the distal end of the so 
catheter to the cardiac tissue. 

1 9. The device of claim 1 8 wherein the stabiliser device 
does not extend substantially beyond an outer di- 
ameter of the catheter prior to expansion by the de- ss 
ployment mechanism. 

20. The device of claim 1 8 or 1 9 wherein the distal end 
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